Abstract. The very low density lipoprotein receptor (VLDLR) is an important multifunctional receptor and plays a key role in chicken reproduction. This study is designed to investigate the effect of variants in the VLDLR gene on quail laying traits. Two quail populations were studied -yellow feather quail and chestnut feather quail; 384 individuals per breed were used. The laying traits (the weight of the first egg, the age of the first egg, egg weight, the weight of 20-week-old and the egg number of 20-week-old) were measured and recorded. The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method was developed to genotype those individuals. The results showed two novel polymorphisms, i.e. two linkage variations in intron 11 of the VLDLR gene (363T > C and 392C > T). They are associated with the weight of the first egg, the age of the first egg and egg number of 20-week-old in yellow feather and chestnut feather quail. The two variations in intron 11 of VLDLR may be linked with potential major loci or genes affecting some laying traits.
Introduction
The very low density lipoprotein receptor (VLDLR) is a key component in mediating the absorption of yolk protein precursors (very low density lipoprotein and vitellogenin) from plasma. It is a 95 kDa plasma membrane protein which is located on the sex chromosome Z (Barber et al., 1991; Bujo et al., 1994) . VLDLR is also referred to as the oocyte vitellogenesis receptor (OVR) or vitellogenin receptor (VTGR) (Nimpf and Schneider, 1991) . VLDLR mediates a key step in the reproductive effort of hens; this is confirmed by a chicken strain which carries a single mutation at the VLDLR locus and cannot lay eggs and which also displays female sterility (Nimpf et al., 1989) . The single mutation of VLDLR is caused by a single base exchange which leads to the replacement of a cysteine residue in the extracellular domain of VLDLR with a serine (Bujo et al., 1995 (Bujo et al., , 1996 . Some reports have shown that VLDLR plays a key role in chicken reproduction, including the development of oocytes and yolk lipoprotein deposition (Barber et al., 1991; Shen et al., 1993) . VLDLR has co-evolved in oviparous and viviparous animals to support ligand transport inside the cell and to sustain the reproductive effort of oviparous species (Schneider et al., 1999; Schneider and Nimpf, 2003) . A recent study of zebra finches suggests that VLDLR mRNA expression is pivotal for reproduction in oviparous species (Han et al., 2009 ); a study of ducks suggests that ducks' and chickens' VLDLR genes probably perform a similar function in the development of growing oocytes and deposition of yolk lipoprotein and that VLDLR could be a candidate gene for egg performance in poultry . The aim of this study was to detect polymorphisms of the VLDLR gene in two quail populations (the yellow feather and chestnut feather quail, breeding in Hubei Province, China), to investigate their associations with laying traits and to initiate the possibility of single-nucleotide polymorphisms (SNPs) in the VLDLR gene being used as molecular genetic markers for laying traits. Figure 1 . PCR-RFLP band pattern on a 3 % non-denaturing polyacrylamide gel. The TT (also named C 1 C 1 T 2 T 2 ) genotype has one slow-running band; the CC (also named T 1 T 1 C 2 C 2 ) genotype has one fast-running band; and the CT (also named C 1 T 1 C 2 T 2 ) genotype has two bands, one of which is slow-running and the other fast-running.
Material and methods

Sample collection
Two quail populations (the yellow feather quail (384) and the chestnut feather quail (384)) were used in this study for initial SNP discovery. The two populations have different laying performance: the yellow feather quail has higher egg weight and the chestnut feather quail has higher egg number. All birds were raised in cages and fed commercial cornsoybean diets that met the quails' requirement. Blood samples and phenotypic data on laying traits (the weight of first egg, the age of first egg, egg weight, the weight of 20-weekold and the egg number of 20-week-old) were collected from the 768 individuals. Genomic DNA was obtained by phenol and chloroform (1 : 1) extraction and stored at −20 • C.
Primer design and PCR amplification
According to the chicken VLDLR gene sequence (GenBank accession no. NC_006127), four pairs of primers (Table 1) were designed to amplify and detect the SNPs for the quail VLDLR gene exon 5, intron 6, intron 11 and intron 13 regions. The polymerase chain reaction (PCR) was performed by mixing 40 ng of genomic DNA, 0.5 pmol of each of forward and reverse primer, 1.5 µL of 10 × buffer, 1.5 mM of MgCl 2 , 0.25 mM of deoxyribonucleotide triphosphate, and 1.5 U of Taq DNA polymerase (Fermentas, Shenzhen, China) in a 15 µL volume, and was run on an Eppendorf Mastercycler gradient (Eppendorf AG, Hamburg, Germany) according to the following method: 95 • C for 5 min; 35 cycles of 94 • C for 30 s, annealing of X • C for 35 s, and 72 • C for 45 s; and final extension step at 72 • C for 10 min.
SNP identification and genotyping by PCR-RFLP
Genomic DNA from two populations of quails was used as a template for amplification by four pairs of primers (exon 5, intron 6, 11 and 13) and the sequences were aligned to search for base variations.
The polymorphisms in quail VLDLR gene exon 5, intron 6, 11 and 13 were analysed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method, which was performed by mixing 8 µL of PCR product, 10 U of the restriction enzyme FatI (Fermentas, Shenzhen, China) and 1 µL of the corresponding 10× reaction buffer and then incubating overnight at 37 • C for 12 h. Then the products were electrophoresed on 3 % agarose gels and stained with ethidium bromide for visualization of products. Three PCR fragments for each locus from different PCR-RFLP patterns in different populations were subcloned to the T vector (Takara, Dalian, China). Sequencing reactions were performed with BigDye Terminator chemistry and resolved on an ABI PRISM 3730 DNA (Applied Biosystems, Foster City, CA, USA) sequencer.
Statistical analysis
The genotypic frequencies were calculated and the HardyWeinberg equilibrium (HWE) for each breed were analysed by means of a χ2 test of PopGene32 (version 1.31). The traits were compared among the genotypes. Association analyses between the SNPs and traits in 768 quails were evaluated according to two-way analysis with SPSS software (version
Figure 2. Sequencing results showing the sequence amplified by primer intron 11 of VLDLR gene containing 363T > C and 392C > T. The two mutations are linked with each other. T 1 T 1 C 2 C 2 genotype contains two 363T and two 392C single strands (allele T 1 C 2 ); the C 1 C 1 T 2 T 2 genotype contains two 363C and two 392T single strands (allele C 1 T 2 ); and the C 1 T 1 C 2 T 2 genotype contains one 363T-392C single strand and one 363C-392T single strand.
16.0, SPSS Inc., Chicago, IL, USA) using the following equation:
where Y is the dependent variable (analysed traits), µ is the overall mean, G is the genotype of VLDLR intron 11, L is the quail population, G × L is the interaction between genotype and quail population (which is a fixed effect) and e is the random error. Difference between genotypes was determined by least squares.
Results
Polymorphism identification and detection
The sequences amplified with four pairs of primers (P1, P2, P3 and P4 for exon 5, intron 6, 11 and 13 of the VLDLR gene, respectively) were aligned among yellow feather quails and chestnut feather quails. No base variation was found in exon 5, intron 6 and intron 13. There were two novel variation loci in intron 11, 363T > C (T → C variation at position 363) and 392C > T (C → T variation at position 392). In these two SNP loci, only 392C > T locus changed the recognition site of restriction endonucleases FatI; therefore, the polymorphism of 392C > T locus can be detected by PCR-RFLP using the amplification product. At this locus, the bands of different genotypes are shown in Fig. 1 . Three genotypes were found in this locus for the two quail populations. The comparison among the nucleotide sequences of different genotypes is presented in Fig. 2 . The sequencing results showed that when C appeared at nucleotide position 392, T appeared at nucleotide position 363; when T appeared at nucleotide position 392, C appeared at nucleotide position 363; and when C and T appeared at nucleotide position 392, T and C appeared at nucleotide position 363. Thus, we conjectured that the two variations were linked with each other. The genotype with T at the 363 position and C at the 392 position was named T 1 T 1 C 2 C 2 , the genotype with C at the 363 position and T at the 39 positions was named C 1 C 1 T 2 T 2 , and the genotype with T/C at the 363 position and C/T at the 392 position was named C 1 T 1 C 2 T 2 . The sequences having variations in intron 11 were submitted to GenBank (accession numbers: KC977989 for the T 1 T 1 C 2 C 2 genotype and KC977990 for the C 1 C 1 T 2 T 2 genotype).
Allele and genotype distribution of VLDLR gene intron 11
Allele and genotype frequencies of VLDLR gene intron 11 in the two quail populations are listed in Table 2 . The results indicated that, at the two linkage loci, T1C2 allele was the preponderant allele in yellow feather and chestnut feather quail. The yellow feather and chestnut feather quail populations all deviated from the HWE (P < 0.01). Table 3 . Least-squares means and standard errors of the laying traits in two quail populations.
Traits Yellow feather quail (mean ± SE) Chestnut feather quail (mean ± SE) Different superscript letters (a, b and c) were significantly different (LSD test, P < 0.05) in genotypes T 1 T 1 C 2 C 2 , C 1 C 1 T 2 T 2 and C 1 T 1 C 2 T 2 ; n is the number of genotypes in the population. 
Association of polymorphisms with laying traits at VLDLR gene intron 11
The association analysis revealed that, at the two linkage loci, in the yellow feather quail population, the quails with C 1 T 1 C 2 T 2 genotypes had higher weight and age of first egg than those with T 1 T 1 C 2 C 2 genotypes (P < 0.05), and the quails with homozygotes (T 1 T 1 C 2 C 2 and C 1 C 1 T 2 T 2 genotypes) had higher egg number of 20-week-old than those with heterozygotes (C 1 T 1 C 2 T 2 genotype) (P < 0.05). In the chestnut feather quail, the quails with T 1 T 1 C 2 C 2 genotype had higher age of first egg and weight of 20-week than those with C 1 C 1 T 2 T 2 genotype (P < 0.05), and the quails with T 1 T 1 C 2 C 2 genotype had higher weight of first egg than those with C 1 T 1 C 2 T 2 genotype (P < 0.05). In addition, the C 1 C 1 T 2 T 2 genotype had higher egg number of 20-weekold than those with T 1 T 1 C 2 C 2 and C 1 T 1 C 2 T 2 genotypes (P < 0.05) (Table 3) . Furthermore, no significant associations of genotypes with other traits were detected (P > 0.05).
Interaction between the VLDLR gene intron 11 and genetic background of the two quail populations
The analyses of the interaction between the intron 11 genotypes of VLDLR gene and the genetic background of the two quail populations are listed in Table 4 . For the weight of first egg, the age of first egg, egg weight, the weight of 20-week and the egg number of 20-week, the results showed that the effects (P values) for the interaction effects between genotypes or populations and laying traits were all less than 0.05 and showed significant differences. However, the P values for the interaction effects between the genotypes and populations had no significant differences (P > 0.05).
Discussion
In the present study, the results showed that VLDLR gene intron 11 loci for the yellow feather and the chestnut feather quail populations deviated from the HWE (P < 0.01). One explanation could be that they suffered intensive selection for the commercial purpose. In selected populations, deviations of genotype frequencies from the HWE should be expected for loci with impact on traits under selection (Goliášová and Wolf, 2004) . The candidate gene approach is a powerful method to investigate associations of gene polymorphisms with economically important traits in farm animals (Rothschild and Soller, 1997) . The SNPs are widely used in linkage analyses and for the evaluation of variability in natural populations because of their robustness in laboratory handling and data interpretation . Genetic variation in traits of interest is the basis for future breeding programs. The variation is displayed by genetic differences between individuals, families and populations within a given species (Groeneveld et al., 2010) . Many studies reported that the VLDLR gene was associated with reproduction in oviparous species (Agulleiro et al., 2007; Han et al., 2009; Wang et al., 2011; Roth and Khalaila, 2012; Mizuta et al., 2013) . In this study, the VLDLR gene was selected as a candidate gene to investigate associations of gene polymorphisms with some laying traits in two quail populations. The PCR-RFLP results indicated that intron 11 of the VLDLR gene showed polymorphism patterns in the two quail populations. Comparisons among sequencing results showed that there were two linkage variations in intron 11 (363T > C, 392C > T). The two linkage variations were strongly associated with the weight of first egg, age of first egg and the egg number of 20-week-old in both populations. This result was similar to previous reports for chickens (Zhan et al., 2009; Cao et al., 2012) . The alteration in the intron as well as the silent mutation in coding regions was useful for the evaluation of the association with production traits Jędrzejczak et al., 2006) . The two alterations of VLDLR gene intron 11 may be linked with another alteration in the VLDLR gene which results in an amino acid alteration. Based on the results obtained from this research, it can be inferred that a variation in intron 11 of the VLDLR gene has an effect on laying traits in both quail populations. However, more individuals should be tested in order to validate these associations.
In addition, our population design provided an opportunity to detect the interaction between the VLDLR gene and the genetic background of two quail populations for laying traits. The phenotypic differences between the two populations probably reflect their different genetic backgrounds (the yellow feather quail has higher egg weight; the chestnut feather quail has higher egg number). Interactions between the VLDLR gene and the genetic background were detected because of the associations between the genotypes and laying traits in both quail populations; this illustrates the importance of defining gene effects in specific populations for future applications such as marker-assisted selection.
